Objective: To assess the effect of sequential bilateral cochlear implantation in children on their quality of life (QoL).
N

OWADAYS, IN A LIMITED
number of countries, bilateral cochlear implantation in children is reimbursed. Because most studies in children indicate that speech perception in noise and sound localization are better with bilateral cochlear implants (BiCIs) compared with a unilateral cochlear implant (UCI), 1 children with BiCIs will presumably acquire bilateral advantages in everyday situations. Most studies investigating children with BiCIs focus on outcomes in speech perception and sound localization. Because results collected in clinical settings are not always representative of everyday situations, 2 it is also of importance to gather information about the quality of life (QoL) for these children. Quality of life can be measured by the use of generic or disease-specific questionnaires. For studies in children, parentproxy questionnaires are most commonly used. The advantages of generic questionnaires are that they cover a broad range of QoL dimensions, and the outcomes can be compared with other interventions. Owing to this broad approach, generic questionnaires may show less responsiveness to the effects of an intervention. 3 Disease-specific questionnaires, however, only include domains that apply to the disease but cannot be compared with other interventions. Therefore, it is important to include disease-specific questionnaires as well as generic questionnaires. 3 In children with BiCIs, only a few studies have reported on QoL. [4] [5] [6] [7] Scherf et al 7 reported on disease-specific instruments, namely the Categories of Auditory Performance, the Speech Intelligibility Rating, and the questionnaire. Scherf et al 7 stratified their participants into 2 age groups: children who received the second cochlear implant (CI2) before the age of 6 years and children who received the CI2 at age 6 years or older. After 36 months of BiCI use, the number of children who obtained higher Categories of Auditory Performance and Speech Intelligibility Rating scores increased significantly. The Wü rzburg questionnaire showed that the younger children had more positive bilateral experiences and less negative bilateral experiences compared with the older children. However, after 36 months of CI2 use, no significant differences were found in the negative bilateral experiences between the 2 groups.
In a study by Lovett et al, 6 3 separate questionnaires were used: the disease-specific Speech, Spatial, and Qualities of Hearing Scale for parents (SSQ); the Health Utilities Index Mark 3 (HUI3); and a generic QoL questionnaire using a visual analog scale (VAS). Parents of children with a UCI and parents of children with BiCIs completed the questionnaires. Lovett et al 6 reported that except for the speech and spatial domains on the SSQ, there were no significant differences between the parental ratings of the UCI and the BiCI groups. For the speech and spatial domains, the parental ratings of the BiCI group were significantly higher than the UCI group. In agreement, Beijen et al 4 and Galvin et al 5 found that children with BiCIs scored higher on the spatial domain of the SSQ after bilateral implantation 5 or compared with a control group of children with a UCI. 4 Beijen et al 4 also reported on a generic QoL questionnaire-the Pediatric Quality of Life Inventory (PedsQL). Like Lovett et al, 6 the 2 cochlear implant groups of Beijen et al 4 did not show significant differences in generic QoL. To our knowledge, besides Lovett et al 6 and Beijen et al, 4 no further studies have examined generic QoL in children with BiCIs. A limitation is that these studies were not longitudinal. Scherf et al 7 showed that bilateral advantages increase over time. Especially in children with BiCIs that are implanted sequentially, it is conceivable that bilateral advantages require more time to develop as the newly implanted side has to integrate with the experienced cochlear implant side.
In 2006, we started a longitudinal study to assess the effects of sequential bilateral cochlear implantation in 30 children on electrophysiological outcomes, primary outcomes of bilateral hearing and outcomes on QoL. Prior reports from this study already showed significant benefits in speech perception and sound. 8 Improvements over time were also apparent in longitudinal electrophysiological measures. 9 The present study supplements the previous reports by focusing on QoL. Quality of life in the children with BiCIs was assessed longitudinally, and results were also compared over time with a reference group of 9 children with a UCI. To measure QoL, parents completed generic as well as disease-specific questionnaires. The influence of age in receiving the CI2 on the size of the bilateral advantage in QoL was assessed. To assess if disease-specific QoL was in agreement with the laboratory performance, results on disease-specific QoL were correlated with the results on speech perception in noise and lateralization scores, obtained in a previous report by us. 8 
METHODS
SUBJECTS
BiCI Group
The 30 children in our study group were implanted at the Radboud University Nijmegen Medical Centre and received sequential BiCIs (Nucleus 24 multichannel devices; Cochlear Corp Australia) between April 2006 and June 2007 (referred to as the BiCI group). The eligibility criteria for bilateral implantation were as follows: at least 1 year of UCI experience; a bilateral profound prelingual hearing loss; implanted with a UCI before the age of 3 years, in which a full insertion of the electrode array was achieved; a chronological age less than 9.0 years; no benefit from a contralateral conventional hearing aid; no cognitive, learning, and/or behavioral deficits; no progressive systemic disease; no anatomical malformations that might prevent full insertion of electrode array or that might stimulate the facial nerve; and no medical condition that contraindicates the use of general anesthesia during the implant procedure. All parents were acquainted with the protocol of the study, and written informed consent was obtained before their child received the CI2. The Committee on Research Involving Human Subjects of the Radboud University Nijmegen Medical Centre approved testing.
Median age at time of CI1 implantation was 2.0 years (25th and 75th percentiles, 1.3-2.2 years [range, 0.9-2.7 years]), while the median age at CI2 implantation was 5.0 years (25th and 75th percentiles, 3.8-6.7 years [range, 2.4-8.5 years]). The median interimplant interval was 3.3 years (25th and 75th percentiles, 2.5-4.5 years [range, 1.2-7.2 years]). All the children had congenital deafness except 3 who had acquired prelingual deafness as a result of meningitis. Full insertion of the electrode array into the cochlea was achieved in all cases. All the children were able to obtain speech perception with their CI2 (full details were previously described by Sparreboom et al 8 ).
UCI Group
To confirm that QoL would not change over time by the cause of maturation, a group of 9 children with a UCI (Nucleus 24 multichannel devices) was included. These 9 children (referred to as the UCI group) were matched with the BiCI group for (1) age at unilateral implantation, (2) chronological age, and (3) degree of bilateral hearing loss. All the children were prelingually deaf and did not have any diagnosed cognitive, learning, and/or behavioral deficits. They had received their cochlear implant at a median age of 1.6 years (25th and 75th percentiles, 1.3-1.9 years [range, 0.8-2.0 years]). Full insertion of the electrode array into the cochlea was achieved in all cases. It is important to realize that all the subjects in the UCI group fell within the eligibility criteria for bilateral implantation, but the parents of these children had decided not to proceed with CI2 surgery for various reasons (eg, the risk of affecting the vestibular system due to im-plantation and the burden of the operation and rehabilitation on the child).
QUESTIONNAIRES
The parents of the study group completed the questionnaires on 3 occasions-before CI2 surgery (QoL assessment 1) and after 12 and 24 months of BiCI use (QoL assessments 2 and 3, respectively). The parents of the children with a UCI only completed the questionnaires twice with a 1-year interval between the 2 questionnaires. These 2 results for the UCI group were compared with the study group's results at QoL assessments 2 and 3. Questionnaires were distributed and explained to the parents by a single person. Parents completed all questionnaires at home and were not able to refer to their previous answers.
GENERIC QUESTIONNAIRES
Parents indicated the overall health status of their child using a VAS, which ranged from 0 (death) to 10 (perfect health). To aid questionnaire comparison, VAS scores were divided by 10.
Generic QoL was also assessed with the HUI3, 10 which consists of 8 dimensions of health status. Although the parentproxy version of the HUI3 has been validated for children of 5 years and older, 11 parents of children at the age of 4 years also completed the HUI3. The HUI3 scores were transformed into a utility function, in which 0 corresponds with "death" and 1 with "perfect health."
Parents also completed the parent-proxy version of the PedsQL 4.0, 12 in which health related QoL is measured on 4 domains. For the children aged 5 years and older who were able to complete the child self-report, the PedsQL for children was examined as well. The PedsQL was completed by an experienced pediatric clinician together with the child. Ratings were given on a 5-point Likert scale, ranging from "never a problem" to "almost always a problem," resulting in a score ranging from 0 to 100. For the children aged 5 to 7 years, ratings were given on a 3-point Likert scale. For comparison purposes, PedsQL scores were divided by 100.
DISEASE-SPECIFIC QUESTIONNAIRES
The Glasgow Children's Benefit Inventory (GCBI) 13 was filled in once by parents of the BiCI group after 24 months. No GCBI scores were gathered by parents of the children with a UCI. The GCBI can be used to measure and evaluate a child's health benefit retrospectively, after an otological intervention. Answers are provided on a 5-point Likert scale ranging from "much better" to "much worse." Scores were then converted and ranged from −100 (maximum harm) to ϩ100 (maximum benefit). The GCBI can also be analyzed per domain: emotion, physical health, learning, and vitality. 13 Parents also completed the SSQ developed by Gatehouse and Noble. 14 We used the parent-proxy version as adjusted by Galvin et al 5 and translated into Dutch by the Katholieke Universiteit Leuven, ExpORL, Belgium. The SSQ can be subdivided into 3 sections: speech, spatial, and qualities of hearing. The child's performance is given on a VAS ranging from 0 (not at all) to 10 (perfectly). For comparison purposes, SSQ scores were divided by 10.
Furthermore, the Nijmegen Cochlear Implant Questionnaire (NCIQ) was administered. The NCIQ addresses 6 domains: basic sound perception, advanced sound perception, speech production, self-esteem, activity limitations, and social interactions. 15 Answers are provided on a 5-point Likert scale, which can be transposed into scores ranging from 0 (very poor) to 100 (optimal). For comparison purposes, NCIQ scores were divided by 100.
BEHAVIORAL MEASURES
Behavioral measures were presented in Sparreboom et al. 8 In short, speech perception in noise was measured with the Dutch Automated Toy Discrimination Test (Dutch ATT), 16, 17 in which a speech reception threshold was obtained. A 60-dB sound pressure level fixed speech-shaped noise was added at a (−)90°azi-muth on the CI1.
Lateralization was measured by the use of an adaptive leftright discrimination test set-up-the minimum audible angle (MAA). The used stimuli were prerecorded and filtered (0.5-4.0 kHz) common children's songs at a fixed 65-dB sound pressure level. Full details were previously reported by us. 8 
DATA ANALYSES
Statistical analyses were performed using SPSS 17.0 for Windows. In each analysis, the level of statistical significance was set at an ␣ level of .05. The results of the children with BiCIs after 12 and 24 months of BiCI use were compared with their preoperative measures using the Wilcoxon signed rank test for related samples. The results after 12 and 24 months of BiCI experience were compared with the results of the UCI group using independent-samples Mann-Whitney tests. Because the GCBI is a retrospective questionnaire, we tested if the group results differed significantly from the median of 0 (no effect) using a 1-sample Wilcoxon signed rank test. When statistical differences were identified (within-subjects analysis, betweensubjects analysis, or both), questionnaire domains were also analyzed. To compare changes over time in the BiCI group, the Friedman analysis of variance test for related samples was used. The Wilcoxon signed rank test was used as a post hoc test and Bonferroni correction was applied to critical values. If significant bilateral advantages were found, we also investigated the correlation between age at CI1 and CI2 with the questionnaire ratings (Spearman correlation coefficient). To compare changes over time in the UCI group, we used the Wilcoxon signed rank test for related samples. For the BiCI group, Spearman correlation coefficients were calculated between disease-specific questionnaires and (1) speech perception in noise and (2) the MAA.
RESULTS
Questionnaires were returned for all children with the exception after 12 months of BiCI use, at which the parents of 1 child from the BiCI group did not return all the questionnaires. Table 1 and Table 2 present the descriptive statistics for each questionnaire per subject group at each measurement point.
GENERIC QUESTIONNAIRES
None of the generic questionnaires showed a significant gain in QoL after bilateral cochlear implantation (PϾ.05) ( Table 1) .
The PedsQL ratings provided by the parents (parentproxy rating) were compared with the child self-reports. No significant differences in ratings were found at all measurement times for the children with BiCIs (preoperative, z = −1.9 [P = .06]; 12 months, z = −1. 
DISEASE-SPECIFIC QUESTIONNAIRES
The GCBI showed a significant gain in QoL after bilateral implantation (z= −4.2 [P Ͻ.001]). Within-subjects analyses of SSQ scores showed significantly higher ratings after 12 Abbreviations: BiCIs, bilateral cochlear implants; GCBI, Glasgow Children's Benefit Inventory; HUI3, Health Utilities Index Mark 3; NCIQ, Nijmegen Cochlear Implant Questionnaire; PedsQL, Pediatric Quality of Life Inventory; QoL, quality of life; SSQ, Speech, Spatial, and Qualities of Hearing Scale; UCI, unilateral cochlear implant; VAS, visual analog scale.
a Medians and 25th and 75th percentiles (in parentheses) were calculated between children with BiCIs and a UCI at the second and third QoL assessment. Mann-Whitney statistics are also listed. Statistically significant differences are displayed in bold. Table 4 gives the results for the NCIQ domains. As no differences were observed between subjects (PϾ.05) we only investigated the domains from the BiCI group. After 12 months, significant bilateral advantages were only found in the domain "advanced sound perception" (z=−2.1 [P =.04]). After 24 months, significant bilateral advantages were also present in the domains "speech production" (z = −3.1 [P = .002]) and "activity limitations" (z=−2.4 [P =.01]).
The NCIQ
In the BiCI group, NCIQ ratings improved significantly over time ( 
FACTORS OF INFLUENCE AND BEHAVIORAL MEASURES
Correlation coefficients were calculated between questionnaire ratings indicating a significant bilateral advantage (GCBI, SSQ, and NCIQ) and age at CI1 and CI2. No correlations were found between age at either implantation and ratings on the GCBI, the SSQ and the NCIQ (P Ͼ.05).
At QoL assessment 3, for speech perception in noise and the MAA, a clear bilateral advantage was found in comparison with the CI1 alone condition. 8 Correlation coefficients between speech perception in noise with BiCIs and disease-specific questionnaire ratings after 24 months (GCBI, SSQ, or NCIQ) showed no significant correlations (GCBI, r time in a group of 9 children with a UCI. Results indicated that bilateral hearing with CIs is associated with higher disease-specific QoL than prior to CI2 surgery or compared with unilateral hearing. With regard to the generic questionnaires, no significant gain in QoL associated with bilateral cochlear implantation could be demonstrated. Disease-specific gains in QoL appeared to improve significantly over time, indicating a positive effect of duration of BiCI use.
GENERIC QUESTIONNAIRES
In accordance with other studies on children with BiCIs, 4, 6 no significant bilateral advantage in QoL was seen on the VAS, the HUI3, and the PedsQL. In agreement, Sach and Barton 18 showed that deafness was not acknowledged by parents to be a health-related QoL issue. In addition, studies have shown that generic questionnaires are unable to distinguish between children with normal hearing and children with a cochlear implant. 19 With regard to the PedsQL, ratings for both the BiCI and the UCI group fell within normal limits for healthy children as identified by Varni et al. 12 The same applies to the results of Beijen et al. 4 The studies by Sach and Barton 18 and Loy et al, 19 however, did not report on the HUI3. Although the HUI3 seems to be a promising instrument for measuring QoL in hearing-impaired subjects, there are certain disadvantages with regard to cochlear implant recipients. A gain in utility associated with (bilateral) cochlear implantation would presumably be caused by an improvement in hearing, which should be reflected in the hearing dimension of the HUI3. The dimension of hearing contains 6 items to indicate the hearing status of the subject. However, only 3 of the 6 items are applicable for cochlear implant recipients because they are unable to hear without the use of their hearing device. Since the children within our study group could already hear with their UCI prior to CI2 surgery, only 2 items remained applicable. Many parents already rate their children with a UCI on a level 3 of the hearing dimension. 20 Consequently, not much gain in QoL is to be expected, even with larger samples. Because of this ceiling effect and the lack of resolution in the hearing domain, the gain in QoL may therefore been underestimated. In agreement, Lovett et al 6 reported on a nonsignificant difference in HUI3 scores between their BiCI and UCI groups, which showed a slight advantage in median utility scores for the BiCI group compared with the UCI group. When we compare our results with the gain in generic QoL associated with unilateral implantation as measured using the HUI3, the mean gain in QoL of ϩ0.04 after 24 months of BiCI use was considerably smaller than the ϩ0.17 gain after unilateral implantation. 21 This gain of ϩ0.17 in QoL after unilateral implantation was found in a group of children with a similar degree of deafness and age at unilateral implantation as our study group.
DISEASE-SPECIFIC QUESTIONNAIRES
In agreement with our data on speech perception and directional hearing, 8 bilateral advantages were clearly apparent on the disease-specific instruments. The GCBI showed a significant benefit of sequential bilateral implantation. When the different domains of the GCBI were considered individually, the largest benefit was found in the learning domain. The advantage of the GCBI is that items are directly related to the intervention; this is not the case with the generic questionnaires. To our knowledge, only 1 study reported on the GCBI for children with cochlear implants. These results are published within a Dutch journal and showed that unilateral cochlear implantation is associated with a mean GCBI score of ϩ36.2.
22 This is fairly high compared with the mean score we found to be associated with sequential bilateral cochlear implantation (ϩ16.6).
After 24 months of BiCI use, the SSQ showed significant advantages in QoL compared with the group of children with a UCI. The overall bilateral advantage was predominantly seen in the domain of spatial hearing. This is in agreement with other studies, 4-7 although Lovett et al 6 also found a significant bilateral benefit in the speech domain. As SSQ ratings significantly improved over time, perhaps, when subjects have obtained more BiCI experience, bilateral advantages in the domain of speech and qualities of hearing will also be found compared with children with a UCI. For speech perception in noise obtained in a clinical setting, the current BiCI group al- a Medians and 25th and 75th percentiles (in parentheses) were calculated within the children with bilateral cochlear implants between postoperative and preoperative assessments. Wilcoxon signed rank statistics are also listed. Statistically significant differences are displayed in bold.
ready showed a significant benefit compared with the UCI group after 24 months of BiCI use. 8 The within-subjects analysis indicated that bilateral advantages as measured using the SSQ were already present after 12 months of BiCI use. These advantages were not restricted to the spatial domain but were also present in the speech domain (after 24 months) and in the qualities of hearing domain (after 12 and 24 months). These everyday situations, as measured by the SSQ, were in agreement with our results on speech perception in quiet and noise and sound source lateralization. 8 Moreover, the results on the SSQ even correlated significantly with the MAA thresholds in the study group after 24 months of BiCI use, indicating that better MAA thresholds lead to improved disease-specific QoL in everyday life.
Unlike the SSQ, no bilateral advantages on the NCIQ were found between subjects. The NCIQ is designed for cochlear implant recipients, and therefore it aims at measuring the advantages and disadvantages associated with cochlear implantation and not necessarily with bilateral hearing. The SSQ predominantly focuses on aspects of hearing that can only be fully achieved with binaural hearing and is, therefore, sensitive to changes induced by the provision of bilateral hearing devices. For that reason, presumably, no correlations were found between the NCIQ and the behavioral measures.
FACTORS OF INFLUENCE
For children with a UCI, age at implantation has a great influence on the outcomes (eg, spoken language). 23 For children with BiCIs, this also holds true within some studies with regard to the interimplant interval or the age in receiving the CI2. 1 Within our study group, in which the CI2 was provided at the maximum age of 8.5 years, no significant effect of age in receiving the CI2 was found. This limits us to predict if this also applies to children who receive their CI2 at an older age. Another limitation of the present study was the use of parent-proxy questionnaires, especially with regard to cognitive and emotional attributes. This being said, no significant differences were found in QoL ratings between parents and their child as measured using the generic PedsQL questionnaire. However, parents may have been biased because they opted for bilateral cochlear implantation. As parents completed the questionnaires at home and were not able to refer to their previous answers, this risk of bias may have been reduced. In addition, in contrast to psychological instruments, the instruments used in the present study carry less emotional and cognitive weight.
